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9ʚ˗˼ó̀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Ĥ 2. e[tUTjQȫEà(Ɵòȧ˓9ʸɱ 
 
3−2. ɄɁ9ǥˮ5³ɵE 
 ɄɁ:Ƃ˭ɂȨ˴ò̴rapid eye movement: REM̵àȧ(NɄɁ5REMàȧ
&7ɄɁ̴ non-rapid eye movement: NREM ̵+&3Ƚ:ʼG3:7ʜǽȺ8:
ʼ˽QɌ( wake9 3ɗ̤9ʜǽLǥƐ$ON(Koike. 2010)ɄɁ8:i±hľ
Ħ&Ȃ NREMɄɁ(ɄɁi±h 1,2)LļDMȅ NREMɄɁ(ɄɁi±h 3̿
 11 
ȅɄɁ)@5ɕʲ(NØɁŵ 90 áɖŦ4Ǆä9 REM ɄɁàȧ&+9ŵNREM
ɄɁ5 REMɄɁ¯­8Ŏ570390áL 120áđǊ(ɄɁđǊ)QŰƐ&ƾ4
3 ĠL 5 ĠʇM˩$ONǄä9ɄɁđǊ4ĵàȧ(N NREM ɄɁ:ɄɁÙÂ





 cTƽˁ˺½Ľ914N Per Qzq_TWu&-Wi9Ȁòj:Śİ&
ƹǊ9Ȁò̀įï&ǀǊ9Ȁò̀ȊŒ&ƹǀeV_8 N{ĹPO







̅ɇ703̴Yamazaki. 2002, Hofman. 2006 ̵ʩţʏ5ǲˢ&3̮̲ʏ4:Ƽ
Ķ9ȅ˻ÂȌ9Ŝ1DMƟšÁ&3Mȅ˻ÂȌ9ǄÁȚ 2ƽ̈˨ê˱&
3N̴Czeisler. 1992 ̵ï3ï̲55H8uxjHê˱(N"5P
03N̴ Tozawa. 2003 ̵̮ ̲ó8¾Ʒǉʼ˽9ʗƿ8:ȫÂjɄɁƽ̈
Ş8Ŏ&3ȿŎȺ8êÎ&87MǈD&œŤƽéKMƷLɁǳàȧ&ǈD
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įï(N5īĐ&-̴ Phillips. 1975 ̵+9ŵHAfaghiɡˬŠ̴̥ -R<˗̿ʚ˗̿
șǴóȢ̀15.5:12.5:72̵5ǲˢ&˚ÁșǴóȢ̥ (-R<˗̿ʚ˗̿șǴóȢ̀
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ȷ9i_S_n57N"5ƹL5703N̴Chaput. 2011, Hsieh. 2011, 




QīĐ&3N̴Katayose. 2009, Kayaba. 2017̵̮șǴóȢ̥I̮ʚ˗̥9ƩĂ
ɄɁ8ÿC(Ų̛Qǡ˂&-Ôʲɉə4:ɄɁƽ9Xy^¶ːQˆÇ&37
 20 









 ÐŨ7ʩţȰƃ 10 ČQŎ˓5&-Ŏ˓ʏ8:ĝȝʍƍ9NʏŃǊȺ8Ǉʰ
&3Nʏ:ĎDO370-Ǎɉɉə@9ýï8̑&3ʴ̬ʏ8:«ê8ń̬9
¤ƶÜŉK>˙"MNú̏ƃ813ˌƹ&ʴ ̬ʏǍ±ċƈǃ@9ʉČQ&
-ŵ8ń̬Qńƴ&-ʴ̬ʏ9˟ÂμƃQʳ 2 8Ɍ(  
 











24.6 ± 0.7 173.8 ± 1.0 68.3 ± 2.5 17.2 ± 1.4 22.8 ± 0.7 












 ʴ̬ʏ8: 21̿00 8~[n8Ǒņ&3HLŽƛēď˫Ë
Ǩ5ɄɁ`U9ʵɃQʲ0-ʵ Ƀɴ©ŵ~[n8Øņ
&3HLŽƛēď˫ËǨ5ɄɁ`U9òÃɋˉQʲ0-Ǎˇ̬ċǦ9 0̿






 Ǎˇ̬êƵQ Day1ůƵQ Day2ʌƵQ Day35&-ʴ̬ʏ: Day19 23̿008
T_±U`(V_x ZP Ĩ)QʵɃ&0̿00 L 1̿00 9̈8œŌ& 7̿00







`U9òÃɋˉQʲ0-23̿40 L 15 á̈9¹ʡÀŁ̗ƽ¶ːQȍŃ&0̿
008ȃα&-Day39 8̿008ȚαQʲ+9Ǌ̈(0:00L 8:00D49 8ƽ̈)9X
y^¶ːʜǽQȍŃ&-Țαƽé·ê8ȽʼG3&D0-ĬĊ8HȚαD4
:qv8¹č 8703˵#&-8̿ 05L 15á̈9¹ʡÀŁ̗ƽ¶ːQȍŃ&
ÙŕQơĂ& 8̿358˪ņ5&Ù39ȍŃQɴ©5&-˃ˇʲQ̮ʚʔ̥D-:
̮șǴóȢ̥5&3 2ˇʲo7̞ȳ8ʲ0-ǉƼ9ʺŃ̥5ˇ̬̥9Üŉ
:·8˃ˣ&-(ʳ 3 4) 
ʳ 3. Day29ʺŃ̥ 
 Xy^(kcal) -R<˗̴g̵ ʚ˗̴g̵ șǴóȢ̴g̵ 
ǉ̥ 842.8 ± 124.0 28.8 ± 4.9 17.9 ± 5.6 130.5 ± 15.3 
Ƽ̥ 842.8 ± 118.9 32.4 ± 3.8 21.9 ± 23.6 126.2 ± 7.0 
̴ŢħÏ ± ǧȑˋŜ̵ 
ʳ 4. Day29ĳ̴̥ˇ̵̬̥ 













 (kcal) (g) (g) (g) (kcal) (g) (g) (g) 
#̦ 453 6.3 1.2 104.1     
} 158 4.8 2.2 29.8 163 5.1 9.3 14.7 
ƻ̔ 98 1.9 0.6 21.3     
_q[     30 0.8 1.3 3.6 
¨ʶĖ 88 6.2 5.0 4.3 577 13.5 56.1 4.4 
Ċˁ 798 19.2 9.0 159.5 770 19.4 66.7 22.7 
         





 ~[n(ŋıôɑȬǢFHC-15S):ʴ ̬ʏŊ̆$O-˻Ŗ̴ 2.00 































QƣŃ&-(Ferrannini. 1988)  
 
Ū	̿șǴóȢ˼ó̀(kcal/min) = 4.55 × V
̷
CO2 (l/min) – 3.21 × V
̷
O2 (l/min) – 2.87 × 
N
̷
(g/min) × 3.74 
 24 
Ū
̿ʚ˗˼ó̀(kcal/min) = 1.67 × V
̷
O2 (l/min) – 1.67 × V
̷
CO2 (l/min) – 1.92 × N
̷




 (g/min) × 25.625 




 Äȭ(N˗̀áǓˁ8 4ɗ̤9ǚǭ\i(ǚǭ\i 1 CO2: 5.11%, 13CO2: 0.0573%, Ar: 
balanceǚǭ\i 2 O2: 15.03%, CO2: 5.10%, Ar: 1.004%, 13CO2: 0.0572%, N2: balanceǚ












Xnz9ȠȜĀſŪ(C2H5OH + 3O2 → 2CO2 + 3H2O)LXnz 1mol9ȠȜ
 25 
8Ŏ&3 3mol9˼ɱȃ˖$O2mol9¬˼óșɱȬȫ$ONXnz9áĽ
̀ 464N"5ǧȑȤƋ9ǳÂ9Âɘ 1mol-M 22.4L4N"5L·9
Ū8K03˼ɱȃ˖̀5¬˼óșɱȬȫ̀Qɤà&- 
˼ɱȃ˖̀ : ȠȜ&-Tc˾̀ × 0.995/46 × 3mol × 22.4L ¬˼óșɱȬȫ̀: 
ȠȜ&-Tc˾̀ × 0.995/46 × 2mol × 22.4L 
 
nzȯǑ9˼ɱȃ˖̀K>¬˼óșɱȬȫ̀ 
nz9ȠȜĀſŪ(2CH3OH + 3O2 → 2CO2 + 4H2O)Lnz 1mol9ȠȜ
8Ŏ&3 1.5mol9˼ɱȃ˖$O1mol9¬˼óșɱȬȫ$ONnz9á
Ľ̀ 324N"5ǧȑȤƋ9ǳÂ9Âɘ 1mol-M 22.4L4N"5L·
9Ū8K03˼ɱȃ˖̀5¬˼óșɱȬȫ̀Qɤà&- 
˼ɱȃ˖̀ : ȠȜ&-Tc˾̀ × 0.0002/32 × 1.5mol × 22.4 L ¬˼óșɱȬȫ








Ȩ˴ò(REM: rapid eye movement)ELONREMɄɁ5NREMɄɁ8á LONREM
ɄɁ:$L8 stage 1stage 2stage 3̴ ȅɄɁ 8̵á LONR&KǼ(Rechtschaffen. 1968)
 26 
8Ī2-ɄɁǰ̐åŃĪȑ (Hori. 2001) 8KN5stage 14:ɂȨ˴òʁŶ4M
ʜǽ:ʼ˽̆ɂƽ8ELO-đǊȺ7TSȀò8¶PMÁ̕À9Ǧ7đǽƭ
ȆĦ&-ʜǽȀò(low voltage mixed frequency: LVMF)ʗƿǽQǥƐ(NK87N
̴Ĥ 3 ̵TSǽ9ùGNìĊ 1 Xq_(30 ɒ)9 50%ǋȏ87N5 stage 15
åŃ$ONStage 24:ɂȨ˴òȃĹ&LVMF Ȁò8ɄɁɲ́ǽI KʷĊȆ
Ø(NŶǽɄɁ: ̮Ɵš7tnǽ¤ȁ87N9μż4ɁMȅȤƋ4N
ɄɁ`UǡǘQńƴ&ʜǽ(C3/A2, C4/A1, O1/A2, O2/A1)5ɂ̕Ĥ̡ ɢ̕Ĥ




















Ńʵʈ4:Žƛƭ5ċƽ8ʣŴɎɶ9Ȁò9Ɲǧ5&3 LFHF ÏQŸ-LF Ï:
0.004L 0.15Hz9ċǽƭŞ9}i_u9"54N"9Ï:¯ ƊɎɶ5












 ĉȍŃ̝Ƚ9Ï:μ˃7ĬĊŢħÏ±ǧȑˋŜ(Mean ± SEM)4Ɍ&- 
ɹˁßȩ8: SPSS(SPSS Ver19XiXiXiǛŪ¼ɍǒ°)Qȭ-Ǎɉə






















































































































ʲ 4̿10569  48059 V2̮ ʚʔ̥ˇʲ 5̿53152  75790 V2P<0.05 ̵ɠ¬
ɠđǊ8Ŝ:ʽō$O70- 
 
ʳ 5. ɄɁÙÂ9ĉ}n 
 ̮ʚʔ̥ˇʲ(á) ̮șǴóȢ̥ˇʲ(á) Pvalue 
ɾʡŤƽ̈ 480     480      
ɾɄɁƽ̈ 454.4 ± 2.1 447.3 ± 5.8 0.155 
Wake 20.1 ± 1.9 29.8 ± 8.7 0.314 
REM 81.3 ± 8.9 87.2 ± 5.6 0.545 
i±h̸ 61.3 ± 5.8 74.4 ± 24.7 0.607 
i±h̹ 290.5 ± 8.3 261.4 ± 29.9 0.265 
i±h̺ 20.4 ± 5.7 17.3 ± 6.7 0.450 
ɄɁȕƽ 5.1 ± 0.9 11.7 ± 5.5 0.236 
ɄɁñȦ(%) 94.6 ± 0.4 93.3 ± 1.4 0.142 
̴ŢħÏ  ǧȑˋŜ̵ 
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 ɄɁǊ̈8 NXy^¶ː9ɶƽĲóQĤ 68Ɍ&-̮ ʚʔ̥ˇʲ5ǲˢ&
̮șǴóȢ̥ˇʲ:ɄɁǊ̈ÙÂ8 NșǴóȢ˼ó̀ǆƈ8̮ÏQɌ&̴ ̮șǴ
óȢ̥ˇʲ̿265  20 kcal/480á̮ʚʔ̥ˇʲ̿167  22 kcal/480áP<0.05 ̵
ʚ˗˼ó̀ǆƈ8ÁÏQɌ&-̴̮șǴóȢ̥ˇʲ̿158  22 kcal/480á̮ʚʔ
̥ˇʲ̿269  13 kcal/480áP<0.05 ̵ƳXy^ȃ˖̀: 2ˇʲ̈8ǆƈ7
Ŝ:ʽō$O70-̴̮șǴóȢ̥ˇʲ̿514  18 kcal/480á̮ʚʔ̥ˇʲ̿522 
 21 kcal/480áNS ̵ 
 ɄɁđǊ#58̹ˇʲ9Xy^¶ːQˆÇ&-ĬĊ8:˼ óĪ˗9ǆƈ7Ŝȴ



























	 	 	 	 	 	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Ĥ 7. ɄɁđǊǱ9Xy^¶ː 
̴̮̿șǴóȢ̥ˇʲ̮̿ʚʔ̥ˇʲ *̿P<0.05**̿P<0.01***̿P<0.001  ̵
 
3−4. ɄɁǊ̈8 NʣŴɎɶȀò 
 ɄɁǊ̈ÙÂ8 N¯ƊɎɶȀò:̹ ˇʲ̈8ǆƈ7Ŝ:ʽō$O70-̴ ̮































































































ƊɎɶȀòHċǦ8̹ˇʲ̈8ǆƈ7Ŝ:ʽō$O70-̴ ̮șǴóȢ̥ˇʲ  ̿ 850 




 Day1L Day28 39ɄɁƽ̈:̹ ˇʲ̈8ǆƈ7Ŝ:ʽō$O70-̴ ̮
șǴóȢ̥ˇʲ̿ 440.5 ± 16.0 á̮ʚʔ̥ˇʲ̿428.5 ± 16.0 áN.S ̵D-Day2
9 6:00L 24:009̈9˟ÂȀò̴̮șǴóȢ̥ˇʲ̿ 157.0 ± 12.2 counts/á̮ʚʔ
̥ˇʲ̿155.2 ± 8.6 counts/áN.S ̵K>ɄɁǊ̈9˟ÂȀò̴̮șǴóȢ̥ˇʲ  ̿


























































N̴Burke. 2015, Miller. 1984 ̵̥«4ƩĂ&-ʚ˗QXy^5&3ñȦȺ8çȭ4
NK87Nfat adaptation9ȤƋ8˶(N-G8:ƭ×ǅ9˸ſǊ̈žʸ4





















 ÐŨ7ʩţȰƃ 10 ČQŎ˓5&-Ŏ˓ʏ8:ĝȝʍƍ9NʏŃǊȺ8Ǉʰ
&3Nʏ:ĎDO370-Ǎɉɉə@9ýï8̑&3ʴ̬ʏ8:«ê8ń̬9
¤ƶÜŉK>˙"MNú̏ƃ813ˌƹ&ʴ ̬ʏǍ±ċƈǃ@9ʉČQ&
-ŵ8ń̬Qńƴ&-ʴ̬ʏ9˟ÂμƃQʳ 68Ɍ(  
 
ʳ 6. ʴ̬ʏ9˟Âμƃ 
ţ̴̲Ǯ̵ ˟̴̅cm̵ Â˾̴kg̵ ÂʚʔȦ(%) BMI̴kg/m2̵ 
25.3 ± 1.0 171.7 ± 1.6 67.2 ± 3.6 16.3 ± 1.7 22.7 ± 0.9 
̴ŢħÏ ± ǧȑˋŜ̵ 
2-2. Ǎń̬uc 
 Ǎń̬:ʴ ̬ʏ̸±̹ˇʲQʲg`Vv_iZ|tfV
4ńƴ&-Ǎˇ̬êƵQ Day1ůƵQ Day2ʌƵQ Day3 5&-ʴ̬ʏ: Day1
















± 132 kcal/DayXy^̀8Ŏ(N̺ķǙ̪ɱXy^ǲȦ:-R<˗ 15%




̴3g ̵Ǵ̴8g̵Qï1808ïȟ&-Z4ɮ 25 áȜ"54ÃƐ&-̴Ĥ
8 ̵̸Ìů-M9Xy^̀K>̺ķǙ̪ɱ9̀:ċɡ4MĴʽIĒ8μæ
7˷:7ʴ ̬ʏ:"9U8ï3¤ʬëʬQɵEĊP*3ˇ̬̥5&-
Day29ˇ̬̥9ŢħXy^̀: 2085 ± 101 kcal/dayXy^̀8Ŏ(N̺ķǙ
 39 
̪ɱXy^ǲȦ:-R<˗ 15%ʚ˗ 42%șǴóȢ 43%40-Day29ˇ








ʳ 7. Day2ˇ̬̥9ʚʔ˼ɵƐ 
 ̮̩ĕʚʔ˼̥ ̮ ̩ĕʚʔ˼̥ 
Ǚ̪ɱǲȦ(%Xy^)   
-R<˗ 15 15 
ʚ˗ 42 42 




}p˼ 37.6 7.8 
ZV˼ 41.6 57.6 
z˼ 12.5 19.9 
i±T˼ 4.9 2.9 
α-z˼ 0.7 8.7 
ip˼ 1.0 0.2 
}uZV˼ 0.5 0.5 
XVcenX˼ 0.0 0.0 
vce]eX˼ 0.1 0.1 
T]v˼ 0.2 0.2 
ʚʔ˼9ìĊ̴%̵   
̩ĕʚʔ˼ 44.3 11.7 
Ç ̩ĕʚʔ˼ 42.3 59.3 














 ɉəˍ̢ 15ċ'Ɣ̞4ŸLO-ȩˏÏ5DeconvolutionǼ(Tokuyama. 2009)8K03
ɤà&-ńȍÏL˼ɱȃ˖̀¬˼óșɱȬȫ̀K>ēďĚ9ĠāȦ(ńȍÏ/ȩ





















 ĉȍŃ̝Ƚ9Ï:μ˃7ĬĊŢħÏ ± ǧȑˋŜ (Mean ± SEM)4Ɍ&-ȅ˻
ÂȌ8̉&3:tnǩƨɋˉ$O-̺ČQ̎n=75&3ßȩQʲɹˁßȩ
8: SPSS(SPSS Ver 21XiXiXiǛŪ¼ɍǒ°)Qȭ-24 ƽ̈9ǡŃ
:ĉȍŃ̝Ƚ813Ŏſ9N tǡŃ8KMǲˢǡ˂&-̥ŵ 4ƽ̈Ǳ813
9ǡŃ:ǐº(̮̩ĕʚʔ˼̥̮ ̩ĕʚʔ˼̥)ƽ̈(after breakfastafter lunch












8̮ÏQɌ&-̴P<0.05̵̴ ʳ̽ ̵ 








 ʚ˗˼ó̀8̉&3after breakfastafter lunchafter dinner9 4ƽ̈8 N̹ˇʲ
̈9Ŝ:after breakfast 23 ± 7 kcal/4hafter lunch 12 ± 6 kcal/4hafter dinner 12 
± 9 kcal/4h40-̴Ĥ 10 ̵After lunch5ǲˢ&after breakfast83 2ˇʲ̈9
ʚ˗˼ó̀9Ŝȴ:ǆƈ8̮ÏQɌ&-̴P<0.05 ̵ 
 
ʳ 8. 24ƽ̈Xy^¶ːʣŴɎɶȀòK>ȅ˻ÂȌ  
            ̴ŢħÏ ± ǧȑˋŜ̵*̿P<0.05 
 
 ̮̩ĕʚʔ˼̥ˇʲ ̮ ̩ĕʚʔ˼̥ˇʲ Pvalue 
Xy^|i(kcal/24h) 39 ± 126 26 ± 12 NS 
Xy^ȃ˖̀(kcal/24h)  2046 ± 275 2059 ± 264 NS 
ēďĚ(/á) 0.866 ± 0.013 0.859 ± 0.020 0.046̶ 
șǴóȢ˼ó̀(kcal/24h)  1057 ± 172 1020 ± 175 NS 
ʚ˗˼ó̀(kcal/24h)  703 ± 158 779 ± 202 0.047̶ 
Žƛƭ(Ġ/á) 62 ± 7 60 ± 8 0.057 
ë¯ƊɎɶ(ms2/á) 935 ± 476 1040 ± 512 0.015̶ 
¯ƊɎɶ(/á) 2.7 ± 1.6 2.8 ± 1.7 NS 
ȅ˻ÂȌ(/á) 36.8 ± 0.02 36.7 ± 0.01 NS 
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Ĥ 9. 24ƽ̈Xy^¶ː9ɶƽĲó 
̴ ̮̩̿ĕʚʔ˼̥ˇʲ ̮̿ ̩ĕʚʔ˼̥ˇʲ  























































































&-̴P<0.05̵̴ ʳ̽ ̵D-after breakfastafter lunchafter dinner9 4ƽ̈9ʣŴɎ
ɶȀò9ɷǕQĤ 118Ɍ&-Ù39̝Ƚ83¯­Ãȭ̴ǐº×ƽ̵̈:ʹLO
70-D-ǐº̈9¤ñǕELO̴P<0.05 ̵after dinner9 4ƽ̈83
̮̩ĕʚʔ˼̥ˇʲ5ǲˢ&̮ ̩ĕʚʔ˼̥ˇʲ83Žƛƭǆƈ8Á






























Ĥ 11. 24ƽ̈ʣŴɎɶȀò9ɶƽĲó 
̴ ̮̩̿ĕʚʔ˼̥ˇʲ ̮̿ ̩ĕʚʔ˼̥ˇʲ *̿P<0.05̵ 
 
3−3. ȅ˻ÂȌ 

































































Ĥ 12. 24ƽ̈ȅ˻ÂȌ9ɶƽĲó 
̴ ̮̩̿ĕʚʔ˼̥ˇʲ ̮̿ ̩ĕʚʔ˼̥ˇʲ̵ 
 
ʳ 9. ceVwǼ8KNŃ̀ɷǕ  
 Ɵš P value ̜ȚÀȿ P value 
̮̩ĕʚʔ˼̥ˇʲ 0.38 ± 0.13 0.59 16.2 ± 1.9 0.30 
̮ ̩ĕʚʔ˼̥ˇʲ 0.36 ± 0.11  15.5 ± 0.9  
̴ŢħÏ ± ǧȑˋŜ̵ 
 
3−4. ˇ̬êƵ5ˇ̬ůƵ9˟ÂȀò 
 ˇ̬êƵ̴Day19 7:00L 24:00̵̴̮̩ĕʚʔ˼̥ˇʲ̿100.6 ± 14.8̮ʚʔ̥
ˇʲ̿99.4 ± 8.0N.S̵K>ˇ̬ůƵ̴Day29 7:00L 23:00̵̴̮̩ĕʚʔ˼̥ˇ
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įķ: 76kcal̴ ɮ 10%̵40-Ǎɉə4ŸLO-ɷǕ:̈Ƣȟ̀ȍŃʵʈQÄȭ
&3ʲPO3-̥ŵƭƽ̈9ȍŃQʲ0-Ôʲɉə9ɷǕ5ʥ(NH940-











̩ĕʚʔ˼KMHÓÔȺ8ucvTIZ]gm83 β ˼óQă N
̴Richieri. 2000 ̵ɠ̹8Üġƃ9ʚ˗˼ó̀9įķHʎLONPeroxisome 
proliferator-activated receptor alpha (PPARα)9Ȁƃó:Z]gm9įǯ5
ucvTK>Z]gm8ÜĦ(N β ˼ó̉˯˺½Ľ9ˊŐQˎɦ(N
̴Forman. 1997 ̵In vitro9ń̬4:̩ ĕʚʔ˼KMH ̩ĕʚʔ˼9ǁ̖8K03














1988 ̵&&7L"9ʚ˗˼ó̀9ƣŃŪ:food quotient̴ FQ̵ 0.7054N
palmitoyl-oleoyl-stearoyl-triglyceride ˼ó(NóĿĀſŪ8Ī23ÃLO-Ū4N
ÂÜ4˼óĪ˗57Nʚʔ˼8:ĵǦ7ɗ̤M̴ʳ 1 ̵óĿǥˮŪ9˷8K0
3 FQHȴ7NÛÂȺ8:tripalmitin triolein trilinoleinK> trilinolenin9 FQ
:+O,O 0.7030.7130.726+&3 0.7404N̴ʳ 10 ̵D-˼ó(Nu`
kv9ǥˮŪ9ŜȴQĀƺ&3ʚ˗˼ó̀9ƣŃŪHȴ703N"5áN
̴ʳ 10̿ ƣŃŪ A-E ̵1 mole9 tripalmitin(807.34g)˼ó(NĬĊ8:1624 L9˼
ɱȃ˖$O1142.4 L9¬˼óșɱȬȫ$ON"OL9ÏQƣŃŪ A8¶Ø(N
5u`kv9˼ó̀: 804.3 g5ƣŃ$ON"9Ï:ń̑9 tripalmitin9˼
ó̀KMHP)8˵őˆÇ$O-Ï5703N(99.6 %)1 mole9 triolein̴ 885.432 
g̵˼ó&-ĬĊ8:1792 L9˼ɱȃ˖$O1276.8 L9¬˼óșɱȬȫ$O
N"OL9ÏQƣŃŪ A8¶Ø(N5u`kv9˼ó̀: 860.4 g5ƣŃ$O
N"9ÏHń̑9 triolein9˼ó̀KMH˵őˆÇ$O-Ï5703N(97.2 %)
ċǦ8&3 trilinolein5 trilinolenin83H˵őˆÇ$O-Ï57N̴91.5 %K>







































C55H104O6 0.705 9.50 Ferrannini. 1988 (A) 1.67 VO2–1.67 VCO2 −1.92 N 
Tripalmitin C51H98O6 0.703 9.36(a)  (B) 1.68 VO2–1.68 VCO2 −1.93 N 
Triolein C57H104O6 0.713 9.47 (b) (C) 1.72 VO2–1.72 VCO2 −1.98 N 
Trilinolein C57H98O6 0.726 9.39 (c) (D) 1.83 VO2–1.83 VCO2 −2.10 N 
Trilinolenin C57H92O6 0.740 9.33 (d) (E) 1.95 VO2–1.95 VCO2 −2.55 N 
 
a: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C555442&Units=SI&Mask=2#Thermo-Condensed. 
b: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C122327&Units=SI&Mask=2#Thermo-Condensed. 
c: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C537406&Units=SI&Mask=2#Thermo-Condensed. 
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ɶ 11. ɸ˯ɔ-ʧ®ǺŮ 
Ō˵˶ǋ˷ ʧˑ˶cm˷ ®ˋ˶kg˷ ®ɞɚǾ(%) BMI˶kg/m2˷ 
22.3 ± 0.3 172.5 ± 1.9 67.1 ± 1.9 15.1 ± 1.5 22.6 ± 0.6 
˶ŋđº ± ǅǪʕŅ˷ 
2−2. ĭ˯qdT 
2-2-1. ÓǧĬ 

















˾ Ƙ˓(˺ʍɵ)#˶ Č 13 ˷Day1= Day4-ƪ˓,.
ʢŏƟÒC 7:00 
± 1Ɵ˓
ĺĴƟÒC 23:00 ± 1Ɵ˓)ɽĬ
ǭʽÜCȣǉ#ɸ˯ɔ. Day5




































Č 13. ĭ˯YSX} 
 
2−3. ˪ 



























#Day6-ʍ˯˪-ɞɚˉɃŸ.¥,ʇʪ#˶ɶ 12 ˷ 
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ɶ 12. Day6-ʍ˯˪ ɞɚˉɃŸ 
 ˱ˬþɞɚˉ˪ ˱ˬþɞɚˉ˪ 
Ƹ˭ɀǍǾ(%JhP)   
#D/ʡ 11 11 
ɞʡ 46 46 




ky_ˉ 37.6 7.8 
LHˉ 41.6 57.6 
iˉ 12.5 19.9 
YbFˉ 4.9 2.9 
α-iˉ 0.7 8.7 
yY_ˉ 1.0 0.2 
kydLHˉ 0.5 0.5 
JHTUt]Jˉ 0.0 0.0 
eTUrOUJˉ 0.1 0.1 
FOeˉ 0.2 0.2 
ɞɚˉ-Öõ˶%˷   
ˬþɞɚˉ 44.3 11.7 
µˬþɞɚˉ 42.3 59.3 














































































Č 14. M{]Ĝ˶ńČ˷ 































































 ˱ˬþɞɚˉ˪ʍɵ ˱ˬþɞɚˉ˪ʍɵ Pvalue 
JhPǟʟˍ(kcal/14h) 1346 ± 35 1365 ± 32 0.395 
ýúĂ(/Ë) 0.876 ± 0.008 0.864 ± 0.006 0.139 
ǱǐÞǹˉÞˍ(kcal/14h) 704 ± 44 713 ± 29 0.799 
ɞʡˉÞˍ(kcal/14h) 458 ± 39 516 ± 37 0.027˸ 
JhPǟʟˍ(kcal/sleep) 538 ± 14 554 ± 12 0.199 
ýúĂ(/Ë) 0.830 ± 0.008 0.820 ± 0.006 0.045˸ 
ǱǐÞǹˉÞˍ(kcal/sleep) 205 ± 15 195 ± 11 0.315 
ɞʡˉÞˍ(kcal/sleep) 260 ± 20 294 ± 17 0.027˸ 
ŧƀƑ(ĉ/Ë) 60 ± 3 59 ± 3 0.022˸ 
ÕųȢɄ(ms2/Ë) 857 ± 224 1388 ± 402 0.033˸ 
ųȢɄǜÜ/Ë) 2.5 ± 0.4 2.3 ± 0.4 0.164 
ǡˆ®Ǧ˶/Ë˷ 36.7 ± 0.02 36.6 ± 0.02 0.430 
˶ŋđº ± ǅǪʕŅ˷*̀P<0.05 
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˻ʍɵ˓-Ņ.ʀĵ@+%#˶ɶ 13 ˷24 Ɵ˓-
ɄƟĚÞCČ 17 ,ȟ#TUHfǘ,<?ËƳCɵ%#ɅƵ
˱ˬþɞɚˉ˪
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ɶ 14. TUHfǘ,<?ĬˍɅƵ 
 ƄŊ P value ˢǲ«Ȕ P value 
˱ˬþɞɚˉ˪ʍɵ 0.44 ± 0.01 0.23 16.2 ± 0.2 0.03˸ 
˱ˬþɞɚˉ˪ʍɵ 0.49 ± 0.01  15.4 ± 0.1  
˶ŋđº ± ǅǪʕŅ˷*̀P<0.05 
 
3−4. αȖǃȸ 
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ɶ 15. αȖÂ®-ôk{]  
˶ŋđº  ǅǪʕŅ˷ 
 
  
 ˱ˬþɞɚˉ˪ʍɵ(Ë)     ˱ˬþɞɚˉ˪ʍɵ˶Ë) Pvalue 
ɈɣŏƟ˓ 480     480      
ɈαȖƟ˓ 458.3 ± 3.4 462.6 ± 1.0 0.19 
Wake 21.7 ± 3.4 17.0 ± 1.2 0.15 
REM 97.7 ± 7.5 100.9 ± 4.5 0.63 
YbX˺ 48.1 ± 5.7 47.1 ± 4.8 0.64 
YbX˻ 220.0 ± 6.3 225.4 ± 7.5 0.34 
YbX˼ 92.6 ± 7.5 89.3 ± 7.6 0.57 
αȖǬƟ 15.9 ± 3.4 12.9 ± 2.3 0.21 
αȖÛǾ(%) 95.5 ± 0.4 96.4 ± 1.4 0.50 
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Č 19. RTY<1HY-ɄƟĚÞ 
˶ ̀˱ˬþɞɚˉ˪ʍɵ
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ʛɝ×ʹ#ñɝŮCȟ'?PPARα . Bmal1 -q|]˧ē,ȓƆɅ
















˶Chikahisa. 2008 ˷-ǆŐ,. PPARα -ǜŮÞ,<? fibroblast growth factor 21 
(FGF21)-ĘØ˔?FGF21.ʵ;,ɟÄ,ȧɵ
¬®ǦǼŴCŖʢ
˶Inagaki. 2007 ˷PPARα-NeŽ,<%' FGF21´ħȐ,¬®Ǧʒķ@















































































































˱ ˬþɞɚˉ˪-Ƌî,<%' 7  6 ˢǲ«ȔCŢʲ
!'?-B?˶Č 20 ˷ÁȖ-ɩŰ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3 , 1 . 30%Cʣ'?˶Č 22 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